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CONTROL  OF  AIR  POLLUTION  FROM 
AIRCRAFT  AND  AIRCRAFT  ENGINES 

Proposed  Standards 

Section  231  of  the  Clean  Air  Act,  as 
amended  by  Public  Law  91-604,  directs 
the  Administrator  of  the  Environmental 
Protection  Agency  to  “establish  stand¬ 
ards  applicable  to  emissions  of  any  air 
pollutant  from  any  class  or  classes  of 
aircraft  or  aircraft  engines  which  in  his 
judgment  cause  or  contribute  to  or  are 
likely  to  cause  or  contribute  to  air  pol¬ 
lution  which  endangers  the  public  health 
or  welfare”.  Regulations  ensuring  com¬ 
pliance  with  these  standards  are  re¬ 
quired  to  be  issued  by  the  Secretary  of 
Transportation  in  accordance  with  sec¬ 
tion  232  of  the  Act. 

Section  231  also  directs  the  Adminis¬ 
trator  to  conduct  a  study  of  the  extent 
to  which  aircraft  emissions  affect  air 
quality  in  air  quality  control  regions 
throughout  the  United  States,  and  the 
technological  feasibility  of  controlling 
such  emissions.  The  report  of  such  a 
study,  “Aircraft  Emissions:  Impact  on 
Air  Quality  and  Feasibility  of  Control.” 
is  being  published  today  and  copies  of 
the  report  are  available  upon  request 
free  of  charge  from  the  Office  of  Pub¬ 
lic  Affairs,  Environmental  Protection 
Agency,  Washington,  D.C.  20460. 

It  is  hereby  proposed  to  create  a  new 
Part  87  of  Title  40,  Code  of  Federal 
Regulations,  which,  if  adopted,  would  es¬ 
tablish: 

(a)  Fuel  venting  emission  standards 
for  new  and  in-use  aircraft  gas  turbine 
engines. 

(b)  Crankcase  emission  standards  for 
new  aircraft  piston  engines. 

(c)  Exhaust  emission  standards  for 
new  and  in-use  aircraft  gas  turbine  en¬ 
gines. 

(d)  Exhaust  emission  standards  for 
new  aircraft  piston  engines. 

(e)  Exhaust  emission  standards  for 
new  gas  turbine  aircraft. 

(f)  Test  procedures  applicable  to  air¬ 
craft  gas  turbine  engines  and  gas  tur¬ 
bine  aircraft. 

(g)  A  test  procedure  applicable  to  air¬ 
craft  piston  engines. 

In  judging  the  need  for  the  proposed 
regulations,  the  Administrator  has  de¬ 
termined  (1)  that  the  public  health  and 
welfare  is  endangered  in  several  air  qual¬ 
ity  control  regions  by  violation  of  one  or 
more  of  the  national  ambient  air  quality 
standards  for  carbon  monoxide,  hydro¬ 
carbons,  nitrogen  oxides,  and  photo¬ 
chemical  oxidants,  and  that  the  public 
welfare  is  likely  to  be  endangered  by 
smoke  emissions;  (2)  that  airports  and 
aircraft  are  now,  or  are  projected  to  be, 
significant  sources  of  emissions  of  car¬ 
bon  monoxide,  hydrocarbons,  and  nitro¬ 
gen  oxides  in  some  of  the  air  quality  con¬ 
trol  regions  in  which  the  national  am¬ 
bient  air  quality  standards  are  being 
violated,  as  well  as  being  significant 


sources  of  smoke;  and  therefore  (3)  that 
attainment  and  maintenance  of  the  na¬ 
tional  ambient  air  quality  standards  and 
reduced  impact  of  smoke  emissions  re¬ 
quires  that  aircraft  and  aircraft  engines 
be  subject  to  a  program  of  control  com¬ 
patible  with  their  significance  as  pollu¬ 
tion  sources.  Accordingly,  the  Adminis¬ 
trator  has  determined  that  emissions 
from  aircraft  and  aircraft  engines  should 
be  reduced  to  the  extent  practicable  with 
present  and  prospective  technology.  The 
standards  proposed  herein  are  not  quan¬ 
titatively  derived  from  the  air  quality 
considerations  discussed  in  the  study  re¬ 
port  cited  above,  but  instead,  reflect 
EPA’s  judgment  as  to  what  reduced 
emission  levels  are  or  will  be  practicable 
to  achieve  for  turbine  and  piston  engines. 

The  regulations,  as  proposed,  make  the 
standards  for  aircraft  and  engines  ap¬ 
plicable  to  such  aircraft  and  engines 
throughout  their  lifetime.  Data  are 
presently  being  analyzed  to  determine 
whether  aircraft  and  aircraft  engines  de¬ 
teriorate  over  their  lifetime,  leading  to 
higher  emissions  than  when  such  aircraft 
or  engines  were  new.  A  preliminary  re¬ 
view  of  data  on  piston  engines  indicate 
that  there  is  no  significant  deteriora¬ 
tion;  a  review  of  data  on  turbine  engines 
has  just  begun.  Comment  is  especially 
invited  on  the  issue  of  whether,  with  rea¬ 
sonable  maintenance,  aircraft  or  aircraft 
engines  actually  in  use  are  capable  of 
meeting  the  same  standards  applicable 
to  them  when  they  were  new. 

The  gaseous  emission  standards  pro¬ 
posed  herein  for  aircraft  gas  turbine  en¬ 
gines  manufactured  on  or  after  January 
1,  1976,  are  intended  by  EPA  as  limita¬ 
tions  on  the  average  emissions  from  the 
engine  classes  affected.  However,  the 
emission  values  proposed  are  based  on  the 
testing  of  a  small  number  of  engines  from 
each  class  and,  as  a  consequence,  a 
reliable  estimate  of  the  statistical  varia¬ 
tion  characteristic  of  the  emissions  from 
these  engine  classes  does  not  yet  exist. 
Programs  now  underway  are  expected  to 
produce  reliable  estimates  of  the  emis¬ 
sion  variations  within  each  engine  class 
in  about  a  year.  When  these  estimates  are 
available  EPA  will  then  publish  the  total 
range  of  sampling  variation  which  will 
be  permitted  in  determining  compliance 
with  the  standard  for  each  engine  class. 
EPA  specifically  invites  comment  for  each 
affected  engine  type  concerning: 

1.  Any  technical  changes  in  engine  de¬ 
sign  which  are  considered  necessary  to 
meet  the  average  emissions  proposed 
herein  for  implementation  after  January 
1,  1976. 

2.  Whether  recertification  would  be 
required  as  a  result  of  the  changes  con¬ 
sidered  necessary. 

3.  The  estimated  cost  of  recertifying 
each  engine  type  requiring  recertification. 

4.  The  cost  of  any  necessary  design 
changes,  with  separate  estimates  of 
R.  &  D.  costs  and  costs  to  implement 
the  necessary  changes  on  production 
engines. 

The  1979  gaseous  emission  standards 
proposed  herein  for  turbine  and  piston 
engines  represent  design  goals  and  are 
EPA’s  best  estimates  of  achievable  tech¬ 
nology  by  1979.  EPA  believes  that  the 


aircraft  engine  manufacturers  and  the 
airline  industry  possess  the  capability  to 
translate  these  design  goals  into  prac¬ 
tice  with  reasonably  aggressive  and 
imaginative  research  and  development 
programs.  Thus,  EPA  fully  expects  the 
aircraft  engine  manufacturers  and  the 
airline  industry  to  undertake  such  re¬ 
search  and  development  programs  as 
soon  as  possible  to  take  full  advantage 
of  the  lead  time  afforded  by  the  1979 
effective  date.  In  the  case  of  turbine  en¬ 
gines,  these  standards  appear  to  be  feasi¬ 
ble  in  terms  of  current  trends  in  com¬ 
bustion  research  results  relating  to  com¬ 
bustor  design  and  development.  In  the 
case  of  piston  engines,  the  standards  are 
considered  by  EPA  to  be  attainable  with 
state-of-the-art  technology  with  some 
improvement  in  engine  cooling,  carbura- 
tion  control,  and  positive  crankcase  ven¬ 
tilation  design. 

EPA  intends  to  monitor  the  develop¬ 
ment  of  technology  and  progress  toward 
achievement  of  these  goals  by  conducting 
a  formal  analysis  of  technology  develop¬ 
ment  in  the  area  of  aircraft  emission 
control.  This  analysis  is  to  be  completed 
by  January  1,  1975.  At  that  time,  on  the 
basis  of  information  developed  in  the  for¬ 
mal  study  and  through  information  so¬ 
licited  from  affected  parties  and  the  gen¬ 
eral  public,  EPA  will  reassess  the  stand¬ 
ards  promulgated  as  a  result  of  this  rule 
making  action.  This  reassessment  will 
result  in  additional  rule  making  action  as 
deemed  necessary  to  ensure  the  best 
technology  then  available  is  reflected  in 
the  1979  standards.  Included  in  the  re¬ 
assessment  will  be  the  range  of  sampling 
variation  to  be  permitted  in  determining 
compliance  with  the  emission  standards. 

At  this  time,  EPA  specifically  invites 
comment  on  the  feasibility  and  cost  of 
achieving  the  emission  standards  pro¬ 
posed  herein  on  or  after  January  1,  1979. 

It  is  not  intended  that  the  attainment 
of  any  standard  proposed  herein  result 
in  the  increased  emission  of  any  sub¬ 
stance  for  which  a  standard  is  not  pro¬ 
posed  if  such  emission  could  endanger 
public  health  or  welfare.  Therefore,  the 
Administrator  may  subsequently  publish 
in  the  Federal  Register  a  list  of  those 
substances  whose  emissions  are  liable  to 
increase  as  a  result  of  the  installation 
or  incorporation  of  any  system  or  com¬ 
ponent,  including  fuel  additive,  designed 
to  enable  an  aircraft  or  aircraft  engine 
to  conform  to  any  prescribed  standard. 
In  the  event  such  a  list  of  substances  is 
so  published,  appropriate  testing  and 
sampling  methods  and/or  analytical 
techniques  will  be  proposed  under  the 
normal  rule  making  procedures.  In  this 
way,  the  Administrator  can  be  kept  in¬ 
formed  throughout  engine  and  aircraft 
development  and  certification  programs 
to  permit  him  to  determine  at  the  earliest 
possible  time  if  the  emissions  of  a  sub¬ 
stance  are  likely  to  endanger  the  public 
health  or  welfare.  If  he  so  determines, 
the  Administrator  may,  after  consulta¬ 
tion  with  the  Secretary  of  Transporta¬ 
tion,  propose  an  emission  standard  for 
such  substance  under  the  normal  rule 
making  procedures. 

The  standards  contained  in  this  notice 
are  being  proposed  after  consultation 
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witn  the  Secretary  of  Transportation  in 
order  to  assure  appropriate  considera¬ 
tion  of  aircraft  safety.  However,  the  De¬ 
partment  of  Transportation  has  advised 
that  it  is  impossible  to  make  conclusive 
judgments  as  to  the  effects  of  an  emis¬ 
sion  standard  on  aircraft  safety  until 
engines  designed  to  meet  that  standard 
have  been  developed,  constructed,  and 
tested.  Therefore,  there  will  be  continu¬ 
ing  consultation  on  this  issue  between 
this  agency  and  that  Department,  both 
prior  to  and  after  promulgation  of  the 
standards.  Should  the  Secretary  of 
Transportation  determine  at  any  point 
that  an  emission  standard  cannot  be  met 
within  the  specified  time  without  creat¬ 
ing  a  safety  hazard,  appropriate  modifi¬ 
cations  will  be  made  to  that  standard  or 
its  effective  date. 

Section  231  of  the  Act  also  provides 
that  the  Administrator  shall  hold  public 
hearings  with  respect  to  the  proposed 
aircraft  emission  standards.  A  notice  of 
time,  date,  and  place  for  each  of  these 
hearings  will  be  published  in  the  Federal 
Register  within  the  near  future.  These 
hearings  are  intended  to  provide  an  op¬ 
portunity  for  interested  persons  to  state 
their  views  or  arguments,  or  provide  in¬ 
formation  relative  to  the  proposed  stand¬ 
ards.  Comments  relating  to  the  advance 
notice  of  proposed  rule  making  on  ground 
operations  procedures  published  else¬ 
where  in  this  edition  of  the  Federal 
Register  may  also  be  made  at  the  public 
hearings.  Any  person  desiring  to  make  a 
statement  at  any  of  the  hearings  or  to 
submit  material  for  the  record  of  the 
hearings  should  file  a  notice  of  such  in¬ 
tention,  and,  if  practicable,  five  copies  of 
his  proposed  statement  (and  other  rele¬ 
vant  material)  with  the  Environmental 
Protection  Agency,  Mobile  Sources  Pol¬ 
lution  Control  Program,  Washington, 
D.C.  20460,  not  later  than  5  days  before 
the  appropriate  hearing. 

In  addition,  interested  persons  may 
submit  written  comments  on  the  pro¬ 
posed  regulations  with  five  copies  to  the 
address  above. 

All  relevant  comments  received  not 
later  than  60  days  after  the  date  of  pub¬ 
lication  of  this  notice  will  be  considered. 
The  regulations,  with  appropriate  modi¬ 
fications,  will  be  effective  upon  the  date 
of  republication  in  the  Federal  Register. 

This  notice  of  proposed  rule  making  is 
issued  under  the  authority  of  section  231 
and  301A  of  the  Clean  Air  Act,  as 
amended  (42  U.S.C.  1857f-9>. 

Dated:  December  4,  1972. 

Robert  W.  Fri, 
Acting  Administrator. 

In  Title  40  of  the  Code  of  Federal  Reg¬ 
ulations,  a  new  part,  Part  87,  is  proposed 
to  be  added  as  follows: 

Subpart  A — General  Provitioni 

Sec. 

87.1  Definitions. 

87.2  Abbreviations. 

87.3  General  requirements. 

87.4  Test  conditions. 

87.5  Special  test  procedures. 

87.6  Aircraft  safety. 


Subpart  B— Engine  Fuel  Venting  Emissions  (New 
and  In-Use  Aircraft  Gas  Turbine  Engines) 

See. 

87.10  Applicability. 

87.11  Standard  for  fuel  venting  emissions. 

Subpart  C — Crankcase  Emissions  (New  Aircraft 
Piston  Engines) 

87.20  Applicability. 

87.21  Standard  for  crankcase  emissions. 

Subpart  D — Exhaust  Emissions  (New  Aircraft  Gas 
Turbine  Engines) 

87.30  Applicability. 

87.31  Standards  for  exhaust  emissions. 

Subpart  E — Exhaust  Emissions  (In-Use  Aircraft 
Gas  Turbine  Engines) 

87.40  Applicability. 

87.41  Standards  for  exhaust  emissions. 

Subpart  F — Exhaust  Emissions  (New  and  In-Use 
Aircraft  Piston  Engines) 

87.50  ApplicabUlty. 

87.51  Standards  for  exhaust  emissions  (new 

aircraft  piston  engines) . 

87.52  Standards  for  exhaust  emissions  (ln- 

use  aircraft  piston  engines) . 

Subpart  G—  Exhaust  Emissions  (New  and  In-Use 
Gas  Turbine  Aircraft) 

87.60  Applicability. 

87.61  Standards  for  exhaust  emissions  (new 

gas  turbine  aircraft) . 

87.62  Standards  for  exhaust  emissions  (ln- 

use  gas  turbine  aircraft) . 

Subpart  H  Tost  Procedures  for  Engine  Exhaust 
Gaseous  Emissions  (Gas  Turbine  Aircraft  and 
Aircraft  Gas  Turbine  Engines) 

87.70  Introduction. 

87.71  Turbine  fuel  specifications. 

87.72  Test  procedure  (propulsion  engines). 

87.73  Test  procedure  (auxiliary  power 

units) . 

87.74  Sampling  and  analytical  system  for 

measuring  exhaust  emissions. 

87.75  Information  to  be  recorded. 

87.76  Calibration  and  instrument  checks. 

87.77  Sampling  procedures. 

87.78  Test  run. 

87.79  Chart  reading. 

87.80  Calculations. 

87.81  Compliance  with  emission  standards. 

Subpart  I — Test  Procedures  for  Engine  Smoke 
Emissions  (Aircraft  Gas  Turbine  Engines) 

87.90  Introduction. 

87.91  Fuel  specifications. 

87.92  Sampling  and  analytical  system  for 

measuring  smoke  exhaust  emissions. 

87.93  Information  to  be  recorded. 

87.94  Calibration  and  Instrument  checks. 

87.95  Test  procedures. 

87.96  Test  run. 

87.97  Determination  of  SN. 

87.98  Calculations. 

87.99  Compliance  with  emission  standards. 

Subpart  J— Test  Procedures  for  Engine  Exhaust 
Gaseous  Emissions  (Aircraft  Piston  Engines) 

87.100  Introduction. 

87.101  Gasoline  fuel  specification. 

87.102  Test  procedure. 

87.103  Sampling  and  analytical  system  for 

measuring  exhaust  emissions. 

87.104  Information  to  be  recorded. 

87.105  Calibration  and  Instrument  checks. 

87.106  Sampling  procedures. 

87.107  Test  run. 

87.108  Chart  reading. 

87.109  Calculations. 

87.110  Compliance  with  emission  standards. 
Appendix  A — Instrumentation  (Aircraft  Gas 

Turbine  Engine  Measurements) . 

Appendix  B — Instrumentation  (Aircraft  Pis¬ 
ton  Engine  Measurements ) . 


Subpart  A — General  Provisions 

§  87.1  Definitions. 

(а)  As  used  in  this  part,  all  terms  not 
defined  herein  shall  have  meaning  given 
them  in  the  Act: 

(1)  “Act”  means  the  Clean  Air  Act,  as 
amended  by  Public  Law  91-604. 

(2)  “Administrator”  means  the  Ad¬ 
ministrator  of  the  Environmental  Pro¬ 
tection  Agency  and  any  other  officer  or 
employee  of  the  Environmental  Protec¬ 
tion  Agency  to  whom  the  authority  in¬ 
volved  may  be  delegated. 

(3)  “Aircraft”  means  any  airplane  for 
which  a  U.S.  standard  airworthiness  cer¬ 
tificate  or  equivalent  foreign  airworthi¬ 
ness  certificate  is  issued. 

(4)  “Aircraft  engine”  means  a  propul¬ 
sion  engine  which  is  installed  in  or  which 
is  manufactured  for  installation  in  an 
aircraft. 

(5)  “Aircraft  gas  turbine  engine” 
means  a  turboprop,  turbofan,  or  turbojet 
aircraft  engine. 

(б)  “New  aircraft  gas  turbine  engine” 
means  an  aircraft  gas  turbine  engine 
which  has  never  been  in  service. 

(7)  “New  aircraft  piston  engine” 
means  an  aircraft  piston  engine  which 
has  never  been  in  service. 

(8)  “In-use  aircraft  gas  turbine  en¬ 
gine”  and  “in-use  aircraft  piston  engine” 
mean  an  aircraft  gas  turbine  engine  or 
aircraft  piston  engine  (as  appropriate) 
which  is  in  service. 

(9)  “Rated  power”  means  the  high¬ 
est  take-off  power  rating  approved  for 
the  engine  by  the  Federal  Aviation  Ad¬ 
ministration. 

(10)  “Power  setting”  means  the  power 
output  of  an  engine  in  terms  of  pounds 
thrust  for  turbojet  and  turbofan  engines 
and  shaft  horsepower,  or  equivalent 
shaft  horsepower,  for  turboprop  and  pis¬ 
ton  engines. 

(11)  “Pound-thrust  hr.”  means  1 
pound  of  thrust  for  1  hour. 

(12)  “Equivalent  shaft  horsepower” 
means  only  the  measured  shaft  power 
output  of  a  turboshaft  gas  turbine 
engine,  where  1  horsepower  is  assumed 
to  be  equal  to  1  pound  of  thrust  for  the 
purposes  of  expressing  the  standards. 

(13)  “Auxiliary  power  unit”  means 
any  gas  turbine  engine  installed  in  or 
on  an  aircraft  exclusive  of  the  propulsion 
engines. 

(14)  “Class  Tl”  means  all  aircraft  gas 
turbine  engines  of  rated  power  less  than 
6,000  pounds  thrust  or  equivalent  shaft 
horsepower. 

(15)  “Class  T2”  means  all  aircraft  gas 
turbine  engines,  except  engines  of  Class 
T4,  of  a  rated  power  of  6,000  pounds 
thrust  or  equivalent  shaft  horsepower  or 
greater  but  less  than  29,000  pounds 
thrust  or  equivalent  shaft  horsepower. 

(16)  “Class  T3”  means  all  aircraft  gas 
turbine  engines  of  rated  power  of  29,000 
pounds  thrust  or  equivalent  shaft  horse¬ 
power  or  greater. 

(17)  “Class  T4”  means  all  aircraft  gas 
turbine  engines  of  the  JT8D  model 
family. 
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(18)  “Class  PI”  means  all  aircraft 
piston  engines,  except  radial  engines. 

(19)  “Taxi/idle  (in )  ”  means  those  air¬ 
craft  operations  involving  taxi  and  idle 
between  the  time  of  landing  roll-out  and 
final  shutdown  of  all  propulsion  engines. 

(20)  “Taxi/idle  (out)”  means  those 
aircraft  operations  involving  taxi  and 
idle  between  the  time  of  initial  starting 
of  the  propulsion  engine* s)  used  for  the 
taxi  and  turn  onto  duty  runway. 

(21)  “Exhaust  emissions”  means  sub¬ 
stances  emitted  to  the  atmosphere  from 
the  exhaust  discharge  nozzle  of  an  air¬ 
craft  or  aircraft  engine. 

(22)  “Crankcase  emissions”  means 
substances  emitted  to  the  atmosphere 
from  any  portion  of  the  engine  crank¬ 
case  ventilation  or  lubrication  system. 

(23)  “Fuel  venting  emissions”  means 
all  raw  fuel,  exclusive  of  exhaust  hydro¬ 
carbons,  discharged  from  aircraft  gas 
turbine  engines  during  all  normal  ground 
and  flight  operations. 

(24)  “Smoke”  means  the  matter  in 
exhaust  emissions  which  obscures  the 
transmission  of  light. 

(25)  “Smoke  number”  means  the  di¬ 
mensionless  term  quantifying  smoke 
emissions. 

(26)  “Oxides  of  nitrogen”  means  the 
sum  of  the  nitric  oxide  and  nitrogen 
dioxide  contained  in  a  gas  sample  as  if 
the  nitric  oxide  were  in  the  form  of 
nitrogen  dioxide. 

§  87.2  Abbreviations. 

The  abbreviations  used  in  this  part 
have  the  following  meanings  in  both 
upper  and  lower  case: 

abs.  Absolute. 

APU  Auxiliary  power  unit. 

ASA  American  Standards  Association. 

ASTM  American  Society  for  Testing  and 

Materials. 

b.  hp.  Brake  horsepower. 

c. f.h.  Cubic  feet  per  hour, 

c.f  .m.  Cubic  feet  per  minute. 

C.  Centigrade. 

cc.  Cubic  centimeter. 

CO,  Carbon  dioxide. 

CO  Carbon  monoxide. 

ESHP  Equivalent  shaft  horsepower. 

EPR  Engine  pressure  ratio. 

F.  Fahrenheit. 

FAA  Federal  Aviation  Adminstration, 

Department  of  Transportation. 
FID  Flame  ionization  detector. 

H/C  Hydrogen  to  carbon  atomic  ratio. 

HC  Hydrocarbon  (s). 

Hg  Mercury. 

hp.  Horsepower. 

hp.-hr.  Horsepower-hour. 

hr.  Hour(s). 

in.  Hg  V.  Inches  of  mercury,  vacuum. 

IX).  Inside  diameter, 

lb.  Pound  (s). 

LTO  Landing  takeoff, 

min.  Minute  (s). 

mm  Millimeter(s) . 

N,  First-stage  rotor  speed, 

Nj  Second-stage  rotor  speed  or  nitro¬ 

gen  (as  applicable). 


NO 

Nitric  oxide. 

NOj 

Nitrogen  dioxide. 

no; 

Oxides  of  nitrogen,  NO  and  NOr 

NDIR 

Nondispersive  infrared  analyzer. 

o* 

Oxygen. 

o. 

Ozone. 

p.p.m. 

Parts  per  million  by  volume. 

p.p.m.C 

Parts  per  million  carbon. 

PTt 

Total  pressure  at  station  7. 

R. 

Rankine. 

r.p.m. 

Revolutions  per  minute. 

s.c.f.h. 

Standard  cubic  feet  per  hour. 

s.c.f.m. 

Standard  cubic  feet  per  minute. 

sec. 

Second  (s) . 

TIM 

Time  in  mode. 

IT: 

Total  temperature  at  station  7. 

° 

Degree. 

% 

Percent. 

§87.3 

General  requirement*. 

(a)  This  part  provides  for  the  ap¬ 
proval  or  acceptance  by  the  Administra¬ 
tor  or  his  agents  of  testing  and  sampling 
methods,  analytical  techniques,  and 
related  equipment  not  identical  to  those 
specified  in  this  part.  Before  he  approves 
or  accepts  any  such  alternate,  equiva¬ 
lent,  or  otherwise  nonidentical  proce¬ 
dures  or  equipment,  the  Administrator 
shall  consult  with  the  Secretary  of 
Transportation  in  determining  whether 
or  not  the  action  requires  rule  making 
under  sections  231  and  232  of  the  Clean 
Air  Act,  as  amended,  consistent  with  the 
Secretary’s  responsibilities  under  section 
232  of  the  Act. 

(b)  Under  section  232  of  the  Act  the 
Secretary  of  Transportation  issues  regu¬ 
lations  to  insure  compliance  with  this 
part  and  all  amendments  thereof. 

(c)  Prior  to  consideration  of  a  request 
by  an  interested  party  including  the  Sec¬ 
retary  of  Transportation  for  waiver  of 
the  prohibition  of  paragraph  (a)  of  this 
section,  the  Administrator  shall  consult 
with  the  Secretary  as  to  the  desirability 
of  such  waiver  and,  if  the  Administrator 
deems  it  appropriate  for  reasons  other 
than  those  specified  in  paragraph  (b)  of 
this  section,  shall  grant  such  waiver. 

§  87.4  Test  conditions. 

All  emission  control  systems,  power 
generation  systems,  and  other  auxiliary 
systems  normally  installed  on  or  incor¬ 
porated  in  an  aircraft  or  aircraft  engine 
shall  be  functioning  during  all  test  pro¬ 
cedures  in  this  part. 

§  87.5  Special  test  procedures. 

The  Administrator  may,  upon  written 
application  by  a  manufacturer  or  opera¬ 
tor  of  aircraft  or  aircraft  engines,  pre¬ 
scribe  test  procedures  for  any  aircraft 
or  aircraft  engine  that  is  not  susceptible 
to  satisfactory  testing  by  the  procedures 
set  forth  herein.  Prior  to  taking  action 
on  any  such  application,  the  Administra¬ 
tor  shall  consult  with  the  Secretary  of 
Transportation. 


§  87.6  Aircraft  safety. 

The  provisions  of  this  part  will  be  re¬ 
vised  if  at  any  time  the  Secretary  of 
Transportation  determines  that  an  emis¬ 
sion  standard  cannot  be  met  within  the 
specified  time  without  creating  a  safety 
hazard. 

Subpart  B — Engine  Fuel  Venting 

Emissions  (New  and  In-Use  Air¬ 
craft  Gas  Turbine  Engines) 

§  87.10  Applicability. 

The  provisions  of  this  subpart  are  ap¬ 
plicable  to  each  new  aircraft  gas  turbine 
engines  of  classes  Tl,  T2,  T3,  and  T4 
manufactured  on  or  afer  January  1,  1974, 
and  all  in-use  aircraft  gas  turbine  en¬ 
gines  of  classes  Tl,  T2,  T3,  and  T4,  begin¬ 
ning  January  1,  1974. 

§  87.11  Standard  for  fuel  venting  emis¬ 
sions. 

(a)  No  fuel  venting  emissions  shall  be 
discharged  into  the  atmosphere  from  any 
new  or  in-use  gas  turbine  engine  subject 
to  the  subpart. 

(b)  Conformity  with  the  standard  set 
forth  in  paragraph  (a)  shall  be  deter¬ 
mined  by  inspection  of  the  method  de¬ 
signed  to  eliminate  these  emissions. 

Subpart  C — Crankcase  Emissions 
(New  Aircraft  Piston  Engines) 

§  87.20  Applicability. 

The  provisions  of  this  subpart  are 
applicable  to  class  PI  aircraft  piston 
engines  manufactured  on  or  after 
January  1,  1979. 

§  87.21  Standard  for  crankcase  emis¬ 
sions. 

(a)  No  crankcase  emissions  shall  be 
discharged  into  the  atmosphere  from  any 
aircraft  piston  engine  subject  to  this 
subpart. 

(b)  Conformity  with  the  standard  set 
forth  in  paragraph  (a)  shall  be  deter¬ 
mined  by  inspection  of  the  method  de¬ 
signed  to  eliminate  these  emissions. 

Subpart  D — Exhaust  Emissions  (New 
Aircraft  Gas  Turbine  Engines) 

§  87.30  Applicability. 

The  provisions  of  this  subpart  are  ap¬ 
plicable  to  all  new  aircraft  gas  turbine 
engines  of  the  classes  specified  beginning 
on  the  dates  specified. 

§  87.31  Standards  for  exhaust  emissions. 

(a)  Exhaust  emissions  of  smoke  from 
each  new  aircraft  gas  turbine  engine  of 
class  T4  manufactured  on  or  after  Jan¬ 
uary  1,  1974,  shall  not  exceed:  smoke 
number  of  30. 

(b)  Exhaust  emissions  from  each  new 
aircraft  gas  turbine  engine  of  the  classes 
specified  below  manufactured  on  or  after 
January  1,  1976,  shall  not  exceed: 
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Subpart  H — Test  Procedures  for  En¬ 
gine  Exhaust  Gaseous  Emissions 

(Gas  Turbine  Aircraft  and  Aircraft 

Gas  Turbine  Engines) 

§  87.70  Introduction. 

Except  as  provided  under  §  87.5,  the 
procedures  described  in  this  subpart 
shall  be  the  test  program  to  determine 
the  conformity  of  new  and  in-use  air¬ 
craft  gas  turbine  engines  with  the  ap¬ 
plicable  standards  set  forth  in  this  part. 
The  procedures  shall  also  be  used  to  de¬ 
termine  emissions  from  auxiliary  power 
units  in  determining  conformity  of  new 
and  in-use  gas  turbine  aircraft  with  the 
applicable  standards  set  forth  in  this 
part. 

(a)  The  test  consists  of  operating  the 
engine  at  prescribed  power  settings  on 
an  engine  dynamometer  (for  engines 
producing  primarily  shaft  horsepower) 
or  thrust  measuring  test  stand  (for  en¬ 
gines  producing  primarily  thrust).  The 
exhaust  gases  generated  during  engine 
operation  are  sampled  continuously  for 
specific  component  analysis  through  the 
analytical  train. 

(b)  The  exhaust  emission  test  is  de¬ 
signed  to  measure  hydrocarbons,  carbon 
monoxide,  and  oxides  of  nitrogen  con¬ 
centrations  and  determine  mass  emis¬ 
sions  and  enginework  output  through 
calculations  during  a  simulated  aircraft 
landing- takeoff  cycle  (LTO).  The  LTO 
cycle  is  based  on  time  in  mode  data  dur¬ 
ing  high  activity  periods  at  major  air¬ 
ports.  The  test  for  propulsion  engines 
consists  of  five  modes  of  engine  opera¬ 
tion:  Taxi/idle  (out),  takeoff,  climbout, 
approach,  and  taxi/idle  (in).  The  mass 
emission  and  work  output  for  the  modes 
are  combined  to  yield  the  reported 
values.  The  test  for  auxiliary  power 
units  consists  of  one  mode:  Pull  load. 

(c)  When  an  engine  is  tested  for  ex¬ 
haust  emissions  on  an  engine  dyna¬ 
mometer  or  test  stand,  the  complete  en¬ 
gine  shall  be  used  with  all  accessories 
which  might  reasonably  be  expected  to 
influence  emissions  to  the  atmosphere 
installed  and  functioning. 

§87.71  Turbine  fuel  specifications. 

For  exhaust  emission  testing,  fuel 
meeting  the  specifications,  ASTM  D1655- 
67-Jet  A.  shall  be  used.  Nonmetallic  ad¬ 
ditives  as  specified  In  ASTM  D1655-67- 
Jet  A.  may  be  present  Additives  used 
for  the  purpose  of  smoke  suppression 
(such  as  organometallic  compounds) 
shall  not  be  present 

§  87.72  Test  procedure  (propulsion  en¬ 
gines). 

(a)  (1)  The  engine  shall  be  tested  in 
each  of  the  following  five  engine  operat¬ 
ing  modes  which  simulate  aircraft  op¬ 
eration  to  determine  Its  mass  emission 
rates  and  work  output. 


Tower  setting  (percent  of  rated  power) 


Mode  Class  T1  Class  T2  or  T4  Class  T3 


Taxi/idle  (out)—  See  subparagraph  (2)  of  this  paragraph. 

Takeoff .  100  100  100 

ClimtiOUt... _  90  85  85 

Approach _  30  40  30 

Taxi/idle  (in)...  See  subparagraph  (2)  of  this  paragraph. 


(2)  The  taxi/idle  operating  modes 
shall  be  carried  out  at  a  power  setting  in 
accordance  with  applicable  Federal 
Aviation  Administration  regulations  or, 
where  there  are  no  such  applicable  regu¬ 
lations.  at  the  manufacturer’s  recom¬ 
mended  power  setting  for  idle. 

(b)  Emission  testing  shall  be  con¬ 
ducted  on  wrarmed-up  engines  which 
have  achieved  a  steady  operating 
temperature. 

§  87.73  Test  procedure  (auxiliary  power 
units). 

(a>  In  determining  compliance  with 
the  aircraft  emission  standards  under 


Subpart  G  of  this  part,  each  auxiliary 
power  unit  shall  be  tested  at  its  maxi¬ 
mum  load  condition  as  indicated  by  its 
power  output,  exhaust  gas  temperature, 
or  turbine  inlet  temperature  to  deter¬ 
mine  its  mass  emission  rate  and  work 
output.  The  work  output  shall  be  deter¬ 
mined  as  a  combination  of  shaft  energy 
output  and  actual  bleed  air  energy 
content. 

(b)  Emission  testing  shall  be  con¬ 
ducted  on  warmed-up  auxiliary  power 
units  which  have  achieved  a  steady 
operating  temperature. 


figure  1 .  SAMPLING  SYSTEM  AJO  DTSTH SHOT 
AHHASCEKEWT 


§  87.74  Sampling  and  analytical  system 
for  measuring  exhaust  emissions. 

(a)  Schematic  drawing.  Figure  1  is  a 
schematic  drawing  of  the  exhaust  gas 
sampling  and  analytical  system  which 
shall  be  used  for  testing  under  the  regu¬ 
lations  in  this  subpart.  Additional  com¬ 
ponents  such  as  instruments,  valves, 
solenoids,  pumps,  and  switches  may  be 
used  to  provide  additional  information 
and  coordinate  the  functions  of  the  com¬ 
ponent  systems. 

(b)  Water  removal  devices.  No  desic¬ 
cants,  dryers,  water  traps,  or  related 
equipment  may  be  used  to  treat  the  ex¬ 
haust  sample  flowing  to  the  oxides  of 
nitrogen  measurement  instrumentation. 

(c)  Component  description  ( exhaust 
gas  sampling  system).  The  following 
components  shall  be  used  in  the  exhaust 
gas  sampling  system  for  testing  under 
the  regulations  in  this  subpart. 

(1)  Sampling  probe,  (i)  Probe  design 
concept:  The  probe  shall  be  made  of 
stainless  steel.  If  a  mixing  probe  is  used, 
all  sampling  holes  shall  be  of  equal 
diameter.  Total  probe  orifice  area  shall 
be  such  that  the  principal  pressure  drop 
through  the  probe  assembly  shall  be 
taken  at  the  orifice  (or  orifices) . 

(ii)  Probe  orientation  and  sampling 
location: 

(a)  A  minimum  of  12  sampling  points 
shall  be  used.  Either  mixing  or  individual 
probes  are  acceptable. 


(b)  A  minimum  of  three  different 
radial  positions  shall  be  used  in  each  of 
four  sampling  quadrants. 

(c)  If  the  minimum  of  12  sampling 
points  are  used,  the  points  in  circum¬ 
ferentially  adjacent  sampling  areas  shall 
be  separated  by  at  least  30°  angular  dis¬ 
placement.  No  two  sampling  points  shall 
be  separated  in  any  direction  by  a  dis¬ 
tance  less  than  0.1  tailpipe  radius  or  0.1 
annular  height,  as  applicable.  If  the 
number  of  sampling  points  (n)  is  greater 
than  12,  they  shall  be  equal  in  number  in 
each  quadrant  and  the  minimum  separa¬ 
tions  specified  in  (b)  of  this  subdivision 
shall  be  reduced  by  a  factor — 12/n. 

(d)  The  axial  sampling  plane  shall  be 
as  close  to  the  plane  of  the  exit  nozzle  as 
engine  performance  parameters  permit 
but  in  any  case  shall  be  within  one  exit 
nozzle  diameter  of  the  exit  plane. 

(e)  In  all  cases  the  probe  shall  be 
designed  to  obtain  a  representative  sam¬ 
ple  over  the  area  of  the  entire  exhaust 
nozzle,  on  both  mixed  fan  engines  and 
nonmixed  fan  engines  as  well  as  turbo¬ 
jets,  turboprops  and  turboshaft  engines. 

(/)  The  multipoint  probe  shall  be 
designed  to  minimize  the  errors  due  to 
pollutant  stratification,  whether  the 
stratification  is  due  to  combustor  design, 
mixing  or  lack  of  mixing,  or  engine 
design  such  as  mixing  of  fan  and  core  air. 

(2)  Sample  transfer.  The  sample  shall 
be  transferred  from  the  probe  to  the 
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analytical  instruments  through  a  heated 
sample  line  of  either  stainless  steel  or 
Teflon  of  0.18-  to  0.32-in.  I.D.  The 
sample  lines  shall  be  maintained  at  a 
temperature  of  150°±5°  C.  Sample  flow 
rate  from  the  engine  to  the  instruments 
shall  be  such  that  the  transport  time 
from  jet  nozzle  to  instruments  is  2  sec. 
or  less.  q 

(d)  Component  description  (exhaust 
gas  analytical  system).  The  following 
components  shall  be  used  in  the  exhaust 
gas  analytical  system  for  testing  under 
the  regulations  in  this  subpart.  The  ana¬ 
lytical  system  provides  for  the  deter¬ 
mination  of  hydrocarbon  concentrations 
by  flame  ionization  detector  analysis,  the 
determination  of  carbon  monoxide  and 
carbon  dioxide  concentrations  by  non- 
dispersive  infrared  analysis  and  the  de¬ 
termination  of  oxides  of  nitrogen  con¬ 
centrations  by  chemiluminescence  analy¬ 
sis  of  exhaust  samples.  The  chemilumi¬ 
nescence  method  of  analysis  requires 
that  the  nitrogen  dioxide  present  in  the 
sample  be  converted  to  nitric  oxide  be¬ 
fore  analysis.  Other  types  of  analyzers 
may  be  used  if  shown  to  yield  equiva¬ 
lent  results  and  if  approved  in  advance 
by  the  Administrator.  See  Appendix  A 
of  this  part. 

§  87.75  Information  to  l>t*  recorded. 

The  following  information  as  appli¬ 
cable,  shall  be  recorded  with  respect  to 
each  test. 

(a)  General.  (1)  Facility  performing 
test. 

(2)  Description  of  test  equipment  in¬ 
cluding  the  probe  and  sampling  and  ana¬ 
lytical  train. 

(3)  Instrument  operator. 

(4)  Test  stand  operator. 

(5)  Fuel  identification,  including  H,/C 
ratio  and  additives,  if  any. 

(b)  Aircraft  (in  which  engine  is  or  will 
be  installed )  description.  (1)  Manu¬ 
facturer. 

(2)  Model  number. 

(3)  Serial  number  (if  known) . 

(4)  User. 

(5)  Engine  installation  position. 

(c)  Engine  description.  (1)  Manu¬ 
facturer. 

(2)  Model  number. 

(3)  Serial  number. 

(4)  Time  since  overhaul  and  other 
pertinent  maintenance  information. 

(d)  Test  data.  ( 1 )  Test  number. 

(2)  Date. 

(3)  Time. 

(4)  Ambient  temperature  and  engine 
inlet  temperature. 

(5)  Barometric  pressure. 

(6)  Relative  humidity. 

(7)  Sample  line  temperature. 

( 8)  Sample  line  residence  time. 

(9)  All  pertinent  instrument  informa¬ 
tion  such  as  tuning,  gain,  full  scale 
range. 

(10)  Recorder  charts:  Identify  zero, 
span,  exhaust  gas  sample  traces,  and  op¬ 
erating  mode. 


(e)  Operating  mode  data.  (1)  Nominal 
power  setting. 

(2)  Actual  power  setting  (pound 
thrust,  horsepower,  etc.) . 

(3)  N,  speed,  revolutions  per  minute. 

(4)  N,  speed,  revolutions  per  minute. 

(5)  Measured  fuel  flow,  pounds/hour. 

(6)  Air  flow,  pounds/second  and 
method  of  determination. 

(7)  Bleed  air  flow,  pounds/second 
and  pressure  (APU’s  only) . 

(8)  PTv. 

(9)  EPR. 

(10)  tt7. 

(11)  Pollutant  concentration,  from  re¬ 
corders,  in  percent  or  parts  per  million  by 
volume,  and  parts  per  million  carbon  for 
hydrocarbons. 

§  87.76  Calibration  and  instrument 
checks. 

(a)  Calibrate  the  analytical  assembly 
at  least  once  every  30  days.  Use  the  same 
flow  rate  as  when  analyzing  samples. 

(1)  Adjust  analyzers  to  optimize 
performance. 

(2)  Zero  the  hydrocarbon  analyzer 
with  zero  grade  air  and  the  carbon 
monoxide,  carbon  dioxide,  and  oxides  of 
nitrogen  analyzers  with  zero  grade  nitro¬ 
gen.  The  allowable  zero  gas  impurity  con¬ 
centrations  should  not  exceed  2  p.p.m. 
equivalent  carbon  response,  1  p.p.m.  car¬ 
bon  monoxide,  300  p.p.m.  carbon  dioxide, 
and  0.1  p.p.m.  nitric  oxide. 

(3)  Set  the  CO  and  CO_.  analyzer  gains 
to  give  the  desired  range.  Select  desired 
attenuation  scale  of  the  HC  analyzer  and 
set  the  sample  capillary  flow  rate,  by  ad¬ 
justing  the  back  pressure  regulator,  to 
give  the  desired  range.  Select  the  de¬ 
sired  scale  of  the  NO,  analyzer  and  ad¬ 
just  the  phototube  high  voltage  supply 
to  give  the  desired  range. 

(4)  Calibrate  the  HC  analyzer  with 
propane  (air  diluent)  gases  having  nom¬ 
inal  concentrations  equal  to  50  and  100 
percent  of  full  scale  of  each  range  used. 
Calibrate  the  CO  analyzer  with  carbon 
monoxide  (nitrogen  diluent)  gases  and 
the  CO-  analyzer  with  carbon  dioxide 
(nitrogen  diluent)  gases  having  nominal 
concentrations  equal  to  30,  60,  and  90 
percent  of  full  scale  of  each  range  used. 
Calibrate  the  NO,  analyzer  with  nitric 
oxide  (nitrogen  diluent)  gases  having 
nominal  concentrations  equal  to  50  and 
100  percent  of  full  scale  of  each  range 
used.  The  actual  concentrations  should 
be  known  to  within  ±2  percent  of  the 
true  values. 

(5)  Compare  values  obtained  on  the 
CO  and  C02  analyzers  with  previous 
calibration  curves.  Any  significant 
change  reflects  some  problem  in  the  sys¬ 
tem.  Locate  and  correct  problem,  and  re¬ 
calibrate.  Use  best  judgment  in  selecting 
curves  for  data  reduction.  Log  gain 
reading. 
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(6)  Check  the  NO,  to  NO  converter  ef¬ 
ficiency  by  the  following  procedure: 

(i)  Fill  a  new  (not  previously  used  to 
collect  exhaust  gas  samples)  sample  bag 
with  air  (or  oxygen)  and  NO  span  gas  in 
proportions  which  result  in  a  mix  in  the 
operating  range  of  the  analyzer.  Pro¬ 
vide  enough  oxygen  for  substantial  con¬ 
version  of  NO  to  NO.. 

(ii)  Knead  bag  and  immediately  con¬ 
nect  the  bag  to  the  sample  inlet  and 
alternately  measure  the  NO  and  NO, 
concentration  at  1-minute  intervals  by 
alternately  passing  the  sample  through 
the  converter  and  the  bypass.  After  sev¬ 
eral  minutes  of  operation,  the  recording 
of  NO  and  NO,  will  resemble  figure  2  if 
the  converter  is  efficient.  Even  though 
the  amount  of  NO=  increases  with  time, 
the  total  NO,(NO+NO:)  remains  con¬ 
stant.  A  decay  of  NO,  with  time  indicates 
the  converter  is  not  essentially  100  per¬ 
cent  efficient,  and  the  cause  of  the  in¬ 
efficiency  shall  be  determined  and  cor¬ 
rected  before  the  instrument  is  used. 

(iii)  The  converter  efficiency  shall  be 
checked  at  least  once  weekly  and  prefer¬ 
ably  once  daily. 

(b)  Daily  calibration  and  instrument 
checks  shall  be  performed  in  accordance 
with  §  87.77. 

(c)  For  the  purposes  of  this  section, 
the  term  “zero  grade  air”  includes  arti¬ 
ficial  “air”  consisting  of  a  blend  of  nitro¬ 
gen  and  oxygen  with  oxygen  concentra¬ 
tions  between  18-  and  21-mole  percent. 

§  87.77  Sampling  procedures. 

(a)  HC,  CO,  COj,  and  NO,  measure¬ 
ments.  Allow  a  minimum  of  2  hours 
warmup  for  the  CO,  COa,  HC,  and  NO, 
analyzers.  (Power  is  normally  left  on 
infrared  and  chemiluminescence  analyz¬ 
ers:  but  when  not  in  use,  the  chopper 
motors  of  the  infrared  analyzers  are 
turned  off  and  the  phototube  high  volt¬ 
age  supply  of  the  chemiluminescence 
analyzer  is  placed  in  the  standby  posi¬ 
tion.)  The  following  sequence  of  opera¬ 
tions  shall  be  performed  in  conjunction 
with  each  series  of  measurements: 
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(1)  Check  the  sampling  system  for  any 
leaks  that  could  dilute  the  exhaust  gas 
and  replace  or  clean  sample  line  filters. 

( 2 )  Zero  the  analyzers.  Obtain  a  stable 
zero  on  each  amplifier  meter  and  re¬ 
corder.  Recheck  after  tests. 

(3)  Introduce  span  gases  and  set  the 
CO  and  CO:  analyzer  gains,  the  HC  an¬ 
alyzer  sample  capillary  flow  rate  and  the 
NOx  analyzer  high  voltage  supply  to 
match  the  calibration  curves.  In  order  to 
avoid  corrections,  span  and  calibrate  at 
the  same  flow  rates  used  to  analyze  the 
test  samples.  Span  gases  should  have 
concentrations  equal  to  approximately 
80  percent  of  each  range  used.  If  gain 
has  shifted  significantly  on  the  CO  or 
CO,  analyzers,  check  tuning.  If  necessary, 
check  calibration.  Recheck  after  test. 
Show  actual  concentrations  on  chart.  Log 
gain  reading. 

(4)  Check  zeros;  repeat  the  procedure 
in  subparagraphs  (1)  and  (2)  of  this 
paragraph  if  required. 

(5)  Check  sample  line  temperature 
and  residence  time. 

(6)  Check  instrument  flow  rates  and 
pressures. 

(7)  The  engine  shall  be  operated  in 
each  operating  mode  until  emission  levels 
have  stabilized  as  indicated  by  a  con¬ 
stant  instrument  reading  or  recorder 
output.  This  stabilized  reading  shall  be 
recorded  and  used  in  calculating  mass 
emission  rates  as  called  for  in  §  87.80. 

(8)  Measure,  HC,  CO,  C02,  and  NOx 
concentrations  of  the  exhaust  sample  at 
the  various  modes  called  for  in  §  87.72 
or  §  87.73,  as  appropriate. 

(9)  If  individual  probes  are  used,  the 
number  to  be  reported  (for  each  com¬ 
ponent)  shall  be  the  arithmetic  average 
of  the  values  obtained  at  each  sampling 
point.  If  mixing  probes  are  used,  the 
number  to  be  reported  shall  be  the  av¬ 
erage  of  the  values  of  the  several  probes, 
giving  each  probe  a  weighting  factor 
equal  to  the  number  of  sample  points 
in  that  particular  probe. 

(10)  Check  zero  and  span  points.  If 
either  has  changed  by  ±2  percent,  the 
test  shall  be  rerun:  Provided,  That  if  it  is 
impractical  to  repeat  the  test,  a  correc¬ 
tion  based  on  interpolation  linear  with 
time  is  acceptable  for  corrections  within 
±4  percent. 

(b)  Sample  system  contamination.  (1) 
Care  shall  be  taken  to  avoid  loading  of 
the  sampling  system  with  raw  fuel  dis¬ 
charge  during  engine  starting. 

(2)  When  the  sample  probe  is  in  the 
exhaust  stream  and  sampling  is  not  in 
process,  a  back  surge  with  an  inert  gas 
may  be  necessary  to  protect  the  probe 
and  sample  line  from  particulate  build¬ 
up  which  could  affect  smoke  readings. 
Care  shall  be  taken  to  prevent  this  par¬ 
ticulate  buildup. 

§  87.78  Test  run. 

A  test  run  shall  consist  of  operating 
the  engine  in  accordance  with  §  87.72  or 
§  87.73,  as  applicable.  The  engine  shall  be 
operated  in  the  sequence  called  for  under 
these  sections  without  intervening  oper¬ 
ating  points,  unless  an  alternate  pro¬ 
cedure  is  agreed  to  in  writing  by  the  Ad¬ 
ministrator  before  such  testing  is  con¬ 
ducted. 


§  87.79  Chart  reading. 

Determine  th*  HC,  CO,  C02,  and  NO, 
concentrations  of  the  exhaust  sample 
during  the  various  modes  from  the  in¬ 
strument  deflections  or  recordings,  mak¬ 
ing  use  of  appropriate  calibration  charts. 


§  87.80  Calculations. 

(a)  The  final  reported  test  results  shall 
be  computed  by  use  of  the  following 
formulas: 

(1)  Hydrocarbon: 


IIC  pounds/1,000  pound-thrust  hours, 'cycle* 


Sum  of  the  TIC  inass/mode  of  each  mode 
Sum  of  the  work  output  of  each  mode 


(2)  Carbon  monoxide: 


CO  pounds/1 , OCX)  pound-thrust  hours/cyclo* 


Sum  of  the  CO  mass/mode  of  each  mode 
Sum  of  the  work  output  of  each  mode 


(3)  Oxides  of  nitrogen: 


NO,  pounds/1,000  pound-thrust  hours/cyclc= 


Sum  of  the  NO,  mass/inodc  of  each  mode 
Sum  of  the  work  output  of  each  mode 


(b)  The  pollutant  mass  and  work  output  per  mode  shall  be  computed  by  use  of 
the  following  formulas: 


( 1 )  MC  mass  mode  =  HC  emission  rate  X  TIM. 

(2)  CO  mass/mode=CO  emission  rate X TIM. 

(3)  NO,  mass  mode=NO,  emission  rate  x  TIM. 

(4)  Work  output  of  each  mode  =  power  (pounds  thrust  or  horsepower)  XTIM. 


(c)  The  emission  rates  for  each  mode  shall  be  computed  by  use  of  the  following 
formulas: 


(1)  IIC  emission  ratc= 


(HC)\ 

10*  / 


(2)  CO  emission  rate* 


,,  (CO),, 

Mc°-u*~F 


(Mc+.Mh)( 


(CO) 

10* 


HCOd+ifgi) 


(3)  NO,  emission  rate* - 

(Mc+.Mh) 


Mno,- 


(NO.) . 
10* 


(l?+(CO.)+ 


(HC) 

10* 


) 


(d)  The  times  in  mode  (TIM)  shall  be 
as  specified  below:  Times  in  mode  (min¬ 
utes) 


Class  T1 

Class  T2 
or  T4 

Class  T3 

(1)  Taxi/idle  (out).. 

19 

19 

19 

(2)  Takeoff . 

0.6 

0.7 

0.7 

(3)  Climbout . 

2.5 

2.2 

2.2 

(4)  Approach . 

4.5 

4.0 

4.0 

(5)  Taxi/idle  (in)  ... 

7.0 

7.0 

7.0 

(e)  Meaning  of  symbols: 

(1)  (i)  HC  mass/mode = Total  mass 
hydrocarbons  emissions  in  pounds 
emitted  during  an  operational  mode  as 
specified  in  §  87.72  and  paragraph  (d) 
of  this  section. 

(ii)  CO  mass/mode=Total  mass  of 
carbon  monoxide  emissions  in  pounds 
emitted  during  an  operational  mode  as 
specified  in  §  87.72  and  paragraph  (d)  of 
the  paragraph. 

(iii)  NO,  mass/mode =' Total  mass  of 
oxides  of  nitrogen  emissions  in  pounds 
emitted  during  an  operational  mode  as 
specified  in  §  87.72  and  paragraph  (d)  of 
this  section. 

(2)  (i)  HC  emission  rate=Pounds/ 
hour  of  exhaust  hydrocarbons  emitted  In 
an  operational  mode. 

(ii)  CO  emission  rate = Pounds/hour 
of  exhaust  carbon  monoxide  emitted  in 
an  operational  mode. 

(iii)  NO,  emission  rate=Pounds/hour 
of  exhaust  oxides  of  nitrogen  emitted  in 
an  operational  mode. 

(3)  : 

(!)  Muc=Molecular  weight  of  methane, 
Mac =16.04. 


(ii)  Mco  =Molecular  weight  of  carbon 
monoxide. 

(iii)  M.No2=Molecular  weight  of  nitrogen 
dioxide. 

(iv)  Mc=Atomlc  weight  of  carbon. 

(v)  Ma=  Atomic  weight  of  hydrogen, 

Mh  =  1.008. 

(vi)  a  =  Atomic  hydrogen — carbon  ratio  of 
fuel. 

(4)  For  each  operating  mode: 

(i)  (HC)  =  Concentration  of  hydrocarbons 

in  the  exhaust  sample  in  parts 
per  million  carbon  equivalent, 
i.e.,  equivalent  propane  x  3. 

(ii)  (CO)  =  Concentration  of  carbon  monox¬ 

ide  in  the  exhaust  sample  in 
parts  per  million  by  volume, 
(ill)  (COa)  =  Concentration  of  CO,  in  the  ex¬ 
haust  sample  in  volume  per¬ 
cent. 

(lv)  (NO.)  =Concentratlon  of  oxides  of  nitro¬ 
gen  in  the  exhaust  sample  in 
parts  per  million  by  volume, 
NO+NO,. 

(v)  F=Mass  rate  of  fuel  flow  in  pounds 
per  hour. 

(5)  TIM = Time  in  mode  as  specified  in 
paragraph  (d)  of  this  section,  divided  by 
60  to  yield  time  in  mode  in  hours. 

§  87.81  Compliance  with  emission  stand¬ 
ards. 

Compliance  with  each  emission  stand¬ 
ard  by  any  aircraft  shall  be  determined 
by  comparing  the  pollutant  level  in 
pounds/ 1,000  pound -thrust  hours/cycle 
as  calculated  in  $  87.80(a)  with  the  ap¬ 
plicable  emission  standard  under  this 
part.  The  pollutant  level  for  the  cycle 
shall  not  exceed  the  standard,  taking  into 
account  allowable  variation  due  to  sam¬ 
pling  error. 
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Subpart  I — Test  Procedures  for  Engine 
Smoke  Emission  (Aircraft  Gas  Tur- 
bine  Engines) 

§  87.90  Introduction. 

Except  as  provided  under  §  87.5,  the 
procedures  described  in  this  subpart  shall 
be  the  test  program  to  determine  the  con¬ 
formity  of  new  and  in-use  gas  turbine 
engines  with  the  applicable  standards  set 


forth  in  this  part.  The  test  is  essentially 
the  same  as  that  described  in  5§  87.70- 
87.72,  except  that  the  test  is  designed  to 
determine  the  smoke  emission  level  at 
various  operating  points  representative 
of  engine  usage  in  aircraft. 

§87.91  Fuel  specifications. 

Fuel  having  specifications  as  provided 
in  §  87.71  shall  be  used  in  smoke  emission 
testing. 


Figure  3.  SAMPLING  SYSTEM  SCHEMATIC 
DIAGRAM 

§  87.92  Sampling  and  analytical  system  Accuracy  shall  be  no  less  than  ±0.10  in. 


for  measuring  smoke  exhaust 
emissions. 

(a)  Schematic  drawing.  Figure  3  is  a 
schematic  drawing  of  the  exhaust  smoke 
sampling  and  analytical  system  which 
shall  be  used  in  testing  under  the  regula¬ 
tion  in  this  subpart. 

(b)  Component  description.  The  fol¬ 
lowing  components  shall  be  used  in  the 
sampling  and  analytical  system  for  test¬ 
ing  under  the  regulations  in  this  subpert. 

(1)  Sample  size  measurement.  A  wet  or 
dry  positive  displacement  meter  shall  be 
used  to  measure  sample  size  to  an  ac¬ 
curacy  of  ±0.01  standard  cubic  foot. 
Pressure  and  temperature  shall  be  meas¬ 
ured  immediately  upstream  of  the  meter. 


Hg  and  ±4°  F.,  respectively.  If  a  dry  type 
meter  is  used,  it  may  be  located  between 
the  filter  holder  and  the  vacuum  pump. 

(2)  Sample  flow  rate  measurement. 
Sample  flow  rate  shall  be  measured  with 
a  rotameter  with  accuracy  of  no  less  than 
±0.02  cubic  foot  per  minute. 

(3)  Filter  holder.  The  filter  holder  shall 
firmly  clamp  the  filter  material  so  that 
overall  system  leakage  does  not  exceed 
that  provided  in  §  87.94(c).  The  holder 
internal  geometry  shall  be  such  that  the 
variation  of  SN  over  the  sample  spot  sur¬ 
face  is  not  greater  than  two.  Suggested 
and  required  elements  of  the  filter  holder 
design  are  given  in  figure  4.  The  filter 


holder  shall  be  made  of  corrosion  resist¬ 
ant  material. 

(4)  Sampling  probe.  A  probe  identical 
to  the  probe  specified  in  §  87.74(c)  shall 
be  used. 

(5)  Sampling  lines.  The  sampling  lines 
shall  be  straight  through  with  no  kinks 
or  loops,  and  no  bends  having  a  radius 
of  less  than  10  line  diameters.  Sampling 
line  inside  diameter  shall  be  within  0.18 
to  0.32  inch.  The  sampling  line  section 
from  the  probe  exit  to  valve  A  entrance 
shall  be  of  minimum  length,  not  greater 
than  75  feet,  with  a  minimum  of  fittings 
or  other  breaks.  Line  material  shall  be 
such  as  to  not  encourage  build-up  of 
either  particulate  matter  or  static  elec¬ 
tric  charge,  such  as  stainless  steel  or 
copper. 


Plan*  of 
filter  Material 


D  (Spot  diaaeter)  *  0.*>0  to  1.*>0  2a.  (Required) 

6  »  5°  to  7.$°  (facomeaded) 

«<  •  20®  to  J0°  (Recommend  ed) 

figure  It.  FILTER  ROLLER  SCHBUTIC 

JUAGRAK 

(6)  Valving.  Four  valve  elements  shall 
be  provided.  Valve  A  shall  be  a  quick 
acting,  full-flow,  flow  diverter  with 
“closed,”  “sample,”  and  “bypass”  posi¬ 
tions.  Valve  A  may  consist  of  two  valves, 
provided  that  they  are  interlocked  so 
that  one  of  the  pair  cannot  act  independ¬ 
ently  of  the  other.  Valves  B  and  C  shall 
be  throttling  valves  used  to  establish  a 
system  flow  rate.  Valve  D  shall  be  a  shut¬ 
off  valve  used  in  isolating  the  filter 
holder.  All  valves  shall  be  made  of  cor¬ 
rosion  resistant  material. 

(7)  Vacuum  pump.  The  vacuum  pump 
shall  have  a  no-flow  vacuum  capability 
of  at  least  22  in.  Hg.  V.,  and  full-flow 
capacity  of  1  s.c.f.m.  minimum. 

(8)  Reflectometer.  A  reflectometer 
conforming  to  ASA  standard  for  diffuse 
reflection  density,  number  Ph2. 17-1958, 
shall  be  used.  The  diameter  of  the  re¬ 
flectometer  light  beam  on  the  filter  paper 
shall  be  no  more  than  one-half  of  “D,” 
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the  diameter  of  the  filter  spot.  The  allow¬ 
able  range  of  “D”  is  given  in  figure  4. 

(9)  Filter  material.  The  filter  material 
shall  be  Whatman  No.  4  filter  paper  or 
equivalent  approved  by  the  Administra¬ 
tor. 

§  87.93  Information  to  be  recorded. 

The  following  information  shall  be  re¬ 
corded  with  respect  to  each  test  in  addi¬ 
tion  to  that  information  called  for  in 
§  87.75  (a)  through  (c). 

(a)  Sample  temperature. 

(b)  Sample  pressure. 

(c)  Actual  sample  volume  at  sampling 
conditions. 

(d)  Actual  sample  flow  rate  at  sam¬ 
pling  conditions. 

(e)  Leak  and  cleanliness  checks  sub¬ 
stantiation  as  required  by  §  87.94  (b)  and 
(c). 

§  87.94  Calibration  and  instrument 
checks. 

(a)  Reflectometer  calibration.  The  re- 
flectometer  required  by  §  87.92(b)  (8) 
shall  be  calibrated  in  accordance  with 
manufacturer’s  specifications. 

(b)  System  maintenance.  The  need  for 
cleaning  or  replacement  shall  be  deter¬ 
mined  by  conducting  the  following 
cleanliness  check: 

(1)  Pull  open  valves  B,  C,  and  D. 

(2)  Use  the  vacuum  pump  and  alter¬ 
nately  set  valve  A  to  “bypass”  and 
“sample”  to  purge  the  entire  system  with 
clean  air  for  at  least  5  minutes. 

(3)  Set  valve  A  to  “bypass.” 

(4)  Close  valve  D  and  clamp  clean 
filter  material  into  the  holder.  Open 
valve  D. 

(5)  Set  valve  A  to  “sample,”  reset  back 
to  “bypass"  after  1  cubic  foot  of  air  has 
passed  through  the  filter  material. 

If  the  filter  spot  exhibits  SN  greater 
than  3,  the  system  lines  must  be  cleaned 
or  replaced.  The  system  shall  not  be  used 
until  this  cleanliness  requirement  has 
been  met. 

(c)  Leak  check.  The  following  proce¬ 
dure  shall  be  used  to  leak  check  the 
system. 

(1)  Clamp  clean  filter  material  into 
the  holder. 

(2)  Close  valve  A,  full  open  valves  B, 
C,  and  D. 

(3)  Rim  the  vacuum  pump  for  exactly 
5  minutes. 

The  system  shall  be  satisfactory  if  no 
more  than  0.20  cubic  foot  passed  through 
the  volume  meter  during  5  minutes.  The 
system  shall  not  be  used  until  this  re¬ 
quirement  has  been  met. 

§  87.95  Test  procedures. 

(a)  The  engine  shall  be  operated  as 
provided  in  §  87.72. 

(b)  Precautions:  The  material  being 
measured  is  composed  of  low-micron 
and/or  submicron  size  agglomerated 
particles.  Precautions  shall  be  taken  to 
assure  that  steady  state  conditions  have 
been  achieved  prior  to  taking  a  sample. 
To  prevent  material  accumulation,  the 


system  shall  not  be  left  in  a  no-flow  con¬ 
dition  when  exhaust  gas  is  contained. 

(c)  Sampling:  Not  less  than  1  minute 
shall  be  allowed  to  assure  that  the  sys¬ 
tem  is  fully  charged  with  a  representa¬ 
tive  gas  sample.  The  sampling  flow  rate 
shall  be  maintained  at  0.50±0.02  c.f.m. 
At  least  four  sample  sizes  shall  be  taken 
within  the  range  of  0.00765  to  0.115  lb. 
of  exhaust  gas  per  square  inch  of  filter. 
Samples  shall  be  taken  both  above  and 
below  0.0230  lb.  of  exhaust  gas  per  square 
inch  of  filter. 

(d>  Temperature  control:  The  gas 
temperature  from  the  sampling  probe 
entrance  to  the  filter  material  shall  be 
above  the  dew  point  temperature.  All 
lines  and  valves  shall  be  lagged  and/or 
heated  as  necessary  to  meet  this 
requirement. 

(e)  Preparation  for  each  power  set¬ 
ting:  The  leak  check  and  cleanliness  re¬ 
quirements  of  §  87.94  shall  be  confirmed. 
The  following  shall  then  be  done  to  pre¬ 
pare  the  system  at  each  power  setting: 

(1)  Set  valve  A  to  “bypass,”  close 
valve  D. 

(2)  Draw  exhaust  gas  for  5  minutes 
minimum,  then  use  valve  C  to  set  flow 
rate  at  0.50±0.02  c.f.m. 

(3)  Clamp  clean  filter  material  into 
the  holder. 

(4)  Open  valve  D. 

(5)  Set  valve  A  to  “sample”  and  use 
valve  B  to  again  set  the  flow  rate  to 
0.50±0.02  c.f.m.  This  shall  be  done 
quickly  before  particulate  buildup  on  the 
filter  causes  excessive  pressure  drop. 

(6)  Set  valve  A  to  “bypass"  and  close 
valve  D. 

(7)  Clamp  clean  filter  material  into 
the  holder. 

<f)  Sampling  procedure:  The  pro¬ 
cedure  for  smoke  sampling  at  each  power 
setting  shall  be  as  follows: 

(1)  With  valve  D  closed  and  valve  A 
set  at  the  “bypass”  position,  charge  the 
lines  with  exhaust  gas  for  1  minute  min¬ 
imum.  Reestablish  flow  rate  at  0.50±0.02 
c.f.m.  as  required,  using  valve  C. 

(2)  Open  valve  D. 

(3)  Set  valve  A  to  “sample,”  allow  the 
chosen  sample  volume  to  pass,  then  set 
valve  A  to  “bypass.” 

(4)  Close  valve  D  and  clamp  clean 
filter  material  into  the  holder. 

(5)  Repeat  subparagraphs  (2) 
through  (4)  of  this  paragraph  for  at  least 
three  more  sample  sizes  in  accordance 
with  paragraph  (c)  of  this  section. 

§  87.96  Test  run. 

With  respect  to  engine  operation,  the 
test  run  shall  be  conducted  in  accord¬ 
ance  with  §  87.78. 

§  87.97  Determination  of  SN. 

Smoke  spot  analysis  shall  be  made 
with  a  reflectometer  as  specified  in 
§  87.92(b)  (8) .  The  backing  material  shall 
be  black  with  a  maximum  absolute  re¬ 
flectance  of  3  percent.  The  reflectance 
reading  of  each  spot  shall  be  used  to  cal- 

Rs 

culate  SN  by:  SN= 100  (1 - ) .  Rs= ab- 

Rw 


solute  reflectance  of  the  sample  spot. 
Rw= absolute  reflectance  of  clean  filter 
material. 

§  87.98  Calculations. 

(a)  Calculation  of  W.  The  sample 
weight  (W)  shall  be  calculated  by:  W 

(lb.)=1.326P^P,T:  Sample  pressure  and 
T 

temperature  in  units  of  inches  of  mer¬ 
cury  absolute  and  degrees  Rankine,  re¬ 
spectively,  measured  immediately  up¬ 
stream  of  the  volume  meter.  V :  Measured 
sample  volume  (cubic  feet) . 

(b)  Calculation  of  W/A.  The  sample 
weight  in  pounds  per  square  inch  of  fil¬ 
ter  spot  area  (W/A)  shall  be  calculated 
for  each  sample  size  taken. 

(c)  Plotting  SN  versus  W/A.  All  SN 
shall  be  plotted  versus  W/A  on  semilog 
coordinates,  with  W/A  as  the  logarithmic 
abscissa.  A  straight  line  shall  be  fitted  to 
these  points  using  the  method  of  least 
squares.  Such  a  line  shall  be  produced  for 
each  power  setting  specified. 

(d)  Plotting  reporting  values  of  SN 
versus  power  setting.  Values  of  SN  shall 
be  read  from  the  straight  line  functions 
of  paragraph  (c)  of  this  section  for 
W/A =0.0230  lb./sq.  in.  These  SN  are  the 
values  to  be  reported  and  shall  be  pre¬ 
sented  by  plotting  them  as  ordinate 
versus  power  setting  as  abscissa  on  rec¬ 
tangular  coordinates. 

§  87.99  Compliance  with  emission  stand¬ 
ards. 

Compliance  with  each  emission  stand¬ 
ard  shall  be  determined  by  comparing  the 
plot  of  SN  versus  power  setting  from 
§  87.98  with  the  applicable  emission 
standard  under  this  part.  The  SN  at 
every  power  setting  shall  not  exceed  the 
standard. 

Subpart  J — Test  Procedures  for  Engine 

Exhaust  Gaseous  Emissions  (Air¬ 
craft  Piston  Engines) 

§  87.100  Introduction. 

Except  as  provided  under  5  87.5,  the 
procedures  described  in  this  subpart  shall 
be  the  test  program  to  determine  the 
conformity  of  new  and  in-use  aircraft 
piston  engines  with  the  applicable  stand¬ 
ards  set  forth  in  this  part. 

(a)  The  test  consists  of  operating  the 
engine  at  prescribed  power  settings  on  an 
engine  dynamometer  or  test  stand.  The 
exhaust  gases  generated  during  engine 
operation  are  sampled  continuously  for 
specific  component  analysis  through  the 
analytical  train. 

(b)  The  exhaust  emission  test  is  de¬ 
signed  to  measure  hydrocarbon,  carbon 
monoxide,  and  oxides  of  nitrogen  concen¬ 
trations  and  determine  mass  emissions 
through  calculations  during  a  simulated 
aircraft  landing-takeoff  cycle  (LTO). 
The  LTO  cycle  is  based  on  time  in  mode 
data  during  high  activity  periods  at 
major  airports.  “Hie  test  consists  of  five 
modes  of  engine  operation:  Taxi/idle 
(out),  takeoff,  climbout,  approach,  and 
taxi/idle  (in) .  The  mass  emissions  for  the 
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modes  and  engine  rated  power  are  com¬ 
bined  to  yield  the  reported  values. 

(c)  When  an  engine  is  tested  for  ex¬ 
haust  emissions  on  an  engine  dynamom¬ 
eter  or  test  stand,  the  complete  engine 
shall  be  used  with  all  accessories,  which 
might  reasonably  be  expected  to  influence 
emissions  to  the  atmosphere,  installed 
and  functioning. 


§  87.101  Gasoline  fuel  specifications. 

For  exhaust  emission  testing,  fuel 
meeting  the  specifications  of  ASTM 
D910-67  for  grades  80/87  or  100/130  (as 
applicable)  shall  be  used.  The  lead  con¬ 
tent  and  octane  rating  of  the  fuel  shall 
be  in  the  range  recommended  by  the  en¬ 
gine  manufacturer. 


§87.102  Test  procedure. 

(a)  (1)  The  engine  shall  be  tested  in 
each  of  the  following  five  engine  operat¬ 
ing  modes  which  simulate  aircraft  op¬ 
eration  to  determine  its  mass  emission 

Power  setting  (percent  of 
rated  power) 

See  subparagraph  (2)  of 
this  paragraph. 

100  percent. 

See  subparagraph  (3)  of 
this  paragraph. 

40  percent. 

See  subparagraph  (2)  of 
this  paragraph. 

(2)  The  taxi/idle  operating  modes 
shall  be  conducted  in  accordance  with 
the  manufacturer’s  recommended  power 
setting. 

(3)  The  climbout  operating  mode 
shall  be  conducted  in  accordance  with 
the  manufacturer’s  recommended  power 
setting:  Provided,  That  the  power  set¬ 
ting  shall  be  between  75  and  100  percent 
of  rated  power. 

(b)  Emission  testing  shall  be  con¬ 
ducted  on  warmed-up  engines  which 
have  achieved  a  steady  operating 
temperature. 

§  87.103  Sampling  and  analytical  sys¬ 
tem  for  measuring  exhaust  emissions. 

(a)  Schematic  drawing.  Figure  5  is 
a  schematic  drawing  of  the  exhaust  gas 
sampling  and  analytical  system  which 
shall  be  used  for  testing  under  the  reg¬ 
ulations  In  this  subpart.  Additional  com¬ 
ponents  such  as  instruments,  valves, 
solenoids,  pumps,  and  switches  may  be 


used  to  provide  additional  information 
and  coordinate  the  functions  of  the  com¬ 
ponent  systems. 

(b)  Water  removal  devices.  No  desic¬ 
cants,  dryers,  water  traps,  or  related 
equipment  may  be  used  to  treat  the 
exhaust  sample  flowing  to  the  oxides  of 
nitrogen  measurement  instrumentation. 

(c)  Component  description  ( exhaust 
gas  sampling  system ).  The  following 
components  shall  be  used  in  the  exhaust 
gas  sampling  system  for  testing  under 
the  regulations  in  this  subpart : 

(1)  Sampling  probe.  The  probe  shall 
be  made  of  stainless  steel  tubing  of  at 
least  one-fourth  inch  outside  diameter 
long  enough  to  fit  well  within  the  ex¬ 
haust  pipe  of  the  engine  being  tested. 
Where  the  engine  has  two  or  more  ex¬ 
haust  pipes,  the  pipes  shall  be  combined 
into  a  common  exhaust  pipe  of  sufficient 
length  to  provide  for  good  mixing. 

(2)  Sample  transfer.  The  sample  shall 
be  transferred  from  the  probe  to  the 
analytical  instruments  through  a  stain¬ 
less  steel  or  Teflon  sample  line.  Sample 
flow  rate  from  the  engine  to  the  instru¬ 
ments  shall  be  such  that  the  transport 
time  from  exhaust  pipe  to  instruments 
in  2  seconds  or  less. 

(d)  Component  description  (.exhaust 
gas  analytical  system).  The  analytical 
system  provides  for  the  determination 
of  hydocarbon  concentrations  by  flame 
ionization  detector  analysis,  the  deter¬ 
mination  of  carbon  monoxide  and  car¬ 
bon  dioxide  concentrations  by  nondis- 
persive  infrared  analysis  and  the 
determination  of  oxides  of  nitrogen 
concentrations  by  chemiluminescence 


Mode 

Taxi/idle  (out). 

Takeoff _ 

Climbout _ 

Approach _ 

Taxi/idle  (In).— 


analysis  of  exhaust  samples.  The  chemi¬ 
luminescence  method  of  analysis  re¬ 
quires  that  the  nitrogen  dioxide  present 
in  the  sample  be  converted  to  nitric 
oxide  before  analysis.  Other  types  of 
analyzers  may  be  used  if  shown  to  yield 
equivalent  results  and  if  approved  in 
advance  by  the  Administrator.  See  ap¬ 
pendix  B  of  this  part. 

§  87.104  Information  to  be  recorded. 

The  following  information,  as  applica¬ 
ble,  shall  be  recorded  with  respect  to 
each  test: 

(a)  General.  (1)  Facility  performing 
test. 

(2)  Description  of  test  equipment  in¬ 
cluding  the  probe  and  sampling  and  ana¬ 
lytical  train. 

(3)  Instrument  operator. 

(4)  Test  stand  operator. 

(5)  Fuel  identification  including  H/C 
ratio  and  additives,  if  any. 

(b)  Aircraft  (in  which  engine  is  or  will 
be  installed )  description.  (1)  Manufac¬ 
turer. 

(2)  Model  number. 

(3)  Serial  number  (if  known). 

(4)  User. 

(c)  Engine  description.  (1)  Manufac¬ 
turer. 

(2)  Model  number. 

(3)  Serial  number. 

(4)  Displacement. 

(5)  Type  of  carburetion. 

(6)  Cylinder  configuration. 

(d)  Test  data.  (1)  Test  number. 

(2)  Date. 

(3)  Time. 

(4)  Ambient  temperature  and  engine 
inlet  temperature. 

(5)  Barometric  pressure. 

(6)  Relative  humidity. 

(7)  Sample  line  temperature. 

(8)  Sample  line  residence  time. 

(9)  All  pertinent  instrument  informa¬ 
tion  such  as  tuning,  gain,  full  scale 
range. 

(10)  Recorder  charts:  Identify  zero, 
span  and  exhaust  gas  sample  traces. 

(e)  Operating  mode  data.  (1)  Nominal 
power  setting. 

(2)  Actual  power  setting,  horsepower. 

(3)  Speed,  revolutions  per  minute. 

(4)  Measured  fuel  flow,  pounds  per 
hour. 

(5)  Air  flow,  pounds  per  second  and 
method  of  determination. 

(6)  Pollutant  concentration,  from  re¬ 
corders,  in  percent  or  parts  per  million 
by  volume,  and  parts  per  million  carbon 
for  hydrocarbons. 

§  87.105  Calibration  and  instrument 
cheeks. 

Calibration  and  instrument  checks 
shall  be  performed  in  accordance  with 
§  87.76,  except  that  daily  calibration  and 
instrument  checks  shall  be  performed  in 
accordance  with  §  87.106. 

§  87.106  Sampling  procedures. 

(a)  HC,  CO,  CO,  and  NO,  measure¬ 
ments.  Allow  a  minimum  of  2  hours 
warmup  for  the  CO,  CO,,  HC,  and  NO, 
analyzers.  (Power  is  normally  left  on  in¬ 
frared  and  chemiluminescence  analyz¬ 
ers:  but  when  not  in  use,  the  chopper 
motors  of  the  infrared  analyzers  are 
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turned  off  and  the  phototube  high  vol¬ 
tage  supply  of  the  chemiluminescence 
analyzer  is  placed  in  the  standby  posi¬ 
tion.)  The  following  sequence  of  opera¬ 
tions  shall  be  performed  in  conjunction 
with  each  series  of  measurements: 

(1)  Check  the  sampling  system  for 
any  leaks  that  could  dilute  the  exhaust 
gas. 

(2)  Zero  the  analyzers.  Obtain  a  stable 
zero  on  each  amplifier  meter  and  re¬ 
corder.  Recheck  after  tests. 

<3)  Introduce  span  gases  and  set  the 
CO  and  CO.  analyzer  gains,  the  HC  ana¬ 
lyzer  sample  capilliary  flow  rate  and  the 
NO.  analyzer  high  voltage  supply  to 
match  the  calibration  curves.  In  order  to 
avoid  corrections,  span  and  calibrate  at 
the  same  flow  rates  used  to  analyze  the 
test  samples.  Span  gases  should  have 
concentrations  equal  to  approximately  80 
percent  of  each  range  used.  If  gain  has 
shifted  significantly  on  the  CO  or  CO. 
analyzers,  check  tuning.  If  necessary, 
check  calibration.  Recheck  after  test. 
Show  actual  concentrations  on  chart. 
Log  gain  reading. 

< 4  >  Check  zeros :  repeat  the  procedure 
in  subparagraphs  <  1 1  and  <  2  >  of  this 
paragraph  if  required. 

<5>  Check  sample  line  temperature 
and  residence  time. 

<  6 )  Check  instrument  flow  rates  and 
pressures. 

<7 )  The  engine  shall  be  operated  in 
each  operating  mode  until  emission  levels 
have  stabilized  as  indicated  by  a  constant 
instrument  reading  or  recorder  output. 
This  stabilized  reading  shall  be  recorded 
and  used  in  calculating  mass  emission 
rates  as  called  for  in  §  87.109. 

<8>  Measure  HC,  CO,  CO,  and  NO. 
concentrations  of  the  exhaust  sample  at 
the  various  modes  called  for  in  §  87.102. 

1 9)  Check  zero  and  span  point.  If 
either  has  changed  by  ±2  percent,  the 
test  should  be  rerun:  Provided ,  That  if  it 
is  impractical  to  repeat  the  test,  a  correc¬ 
tion  based  on  interpolation  linear  with 
time  is  acceptable  for  corrections  within 
=  4. 

<  b>  Carbon  balance.  As  a  test  of  repre¬ 
sentative  sample  collection,  a  carbon 
balance  shall  be  calculated  from  air  and 
fuel  flow  data.  This  balance  shall  be 
within  ±5  percent  of  that  calculated 
from  exhaust  gas  constituents  or  the  test 
will  be  invalidated.  Fuel  flow  data  shall 
be  derived  by  measurement  during  the 
test  for  which  emissions  are  to  be  cal¬ 
culated.  Air  flow  data  preferably  is  from 
direct  measurement  but  if  such  measure¬ 
ment  is  impractical,  the  data  shall  be 
taken  from  air  consumption  curves  gen¬ 
erated  for  the  particular  model  of  en¬ 
gine  under  test. 

(c)  Sample  system  contamination.  (1) 
Care  shall  be  taken  to  avoid  loading  of 
the  sampling  system  with  raw  fuel  dis¬ 
charge  during  engine  starting. 

(2)  When  the  sample  probe  is  in  the 
exhaust  stream  and  sampling  is  not  in 
process,  a  back  surge  with  an  inert  gas 
may  be  necessary  to  protect  the  probe 
and  sample  line  from  hydrocarbon 


buildup.  Care  shall  be  taken  to  prevent 
this  particulate  buildup. 

§  87.107  Test  run. 

A  test  run  shall  consist  of  operating 
the  engine  in  accordance  with  §  81.102. 
The  engine  shall  be  operated  in  the  se¬ 
quence  called  for  under  that  section 
without  intervening  operating  points  un¬ 
less  an  alternate  procedure  is  agreed  to 
in  writing  by  the  Administrator  before 
such  testing  is  conducted. 

I1C  pounds/rated  powiT.Vjrli'- ‘ 


§  87.108  Chart  reading. 

Determine  the  HC,  CO,  COJt  and  NOi 
concentrations  of  the  exhaust  sample 
during  the  various  modes  from  the  in¬ 
strument  deflections  or  recordings  mak¬ 
ing  use  of  appropriate  calibration  charts. 

§  87.109  Calculation!*. 

(a)  The  final  reported  test  results 
shall  be  computed  by  use  of  the  following 
formulas: 

(1)  Hydrocarbon: 

r  Hi '  muss  modi'  of  cacti  of  tlio  modes 
igiiie  rati-d  power  (horsepower) 


<2>  Carbon  monoxide: 


CO  pounds. Vatr  1  |k>\mt,'i  yi-lr  - 


Sum  of  tlio  CO  mnss/inode  of  oacli  of  the  modes 
Engine  rated  power  (horsepower) 


(3*  Oxides  of  nitrogen : 


NO,  pounds, ’rated  powei  cycle 


Sum  of  the  N<>,  111:1'.'  mode  of  eaeli  of  the  modes 
Engine  lair'd  power  (horsepower) 


<b)  The  pollutant  mass  per  mode  shall 
be  computed  by  use  of  the  following 
formulas : 

( 1 )  ’  HC  mass  /mode  -  HC  emission  rate  x  TIM. 

(2)  CO  mass/mode-  CO  emission  rateXTIM. 


(3)  NOx  mass/mode  =  NOx  emission  ratex 
TIM. 

<c)  The  emission  rates  shall  be  com¬ 
puted  by  use  of  the  following  formulas: 


(i) 


lit’  emission  rate 


v  o\h. list  Xdensity  IU'X 


7IC  cone 
1,000,000' 


(2)  CO  emission  1  ih  v  exhaust Xdensity  COX 


(3)  NO.  emission  rate-v  exhaust  Xdensity  NO,X 


<d>  The  time-in-mode  (TIM)  shall 
be  as  specified  below  (in  minutes) : 


(1)  Taxi/ idle  (out) . . 12.0 

(2)  Takeoff . 0.3 

(3)  Climbout  _  5.0 

(4)  Approach  _  6.0 

(5)  Taxi/idle  (in) _  4.0 


<e)  Meaning  of  symbols: 

<l)(i)  HC  mass/mode=Total  mass  of 
hydrocarbons  emissions  in  pounds 
emitted  during  an  operational  mode  as 
specified  in  §  87.102  and  paragraph  (d) 
of  this  section. 

<ii)  CO  mass/mode  - total  mass  of 
carbon  monoxide  emissions  in  pounds 
emitted  during  an  operational  mode  as 
specified  in  §  87.102  and  paragraph  (d) 
of  this  section. 

(iii)  NO,  mass/ mode -total  mass  of 
oxides  of  nitrogen  emissions  in  pounds 
emitted  during  an  operational  mode  as 
specified  in  §  87.102  and  paragraph  <d> 
of  this  section. 

(2)  (i)  HC  emission  rate  =r pounds/hour 
of  exhaust  hydrocarbons  emitted  in  an 
operational  mode. 

( ii)  CO  emission  rate— pounds/hour  of 
exhaust  carbon  monoxide  emitted  in  an 
operational  mode. 

(iii)  No,  emission  rate = pounds,  hour 
of  exhaust  oxides  of  nitrogen  emitted  in 
an  operational  mode. 

<3)  V  exhaust=Total  engine  exhaust 
volume  flow'  rate  in  terms  of  cubic  feet 
per  hour  at  68°  F.  and  760  mm.  Hg  pres¬ 
sure.  V  exhaust  shall  be  calculated  In 
accordance  with  good  engineering  prac¬ 
tices  from  actual  air  and  fuel  flow  meas¬ 
urements  or  from  air  consumption 


NO,  cone 
r.OOU.OOU 

curves  generated  for  the  particular  model 
of  engine  under  test. 

(4)  <i)  Density  HC=- Density  of  hydro¬ 
carbons  in  the  exhaust  gas,  assuming  an 
average  carbon  to  hydrogen  ratio  of 
1:1.85,  in  pounds  per  cubic  foot  at  68°  F. 
and  760  mm.  Hg  pressure  (0.0359  lb./cu. 
ft.). 

(ii)  Density  CO=Density  of  carbon 
monoxide  in  the  exhaust  gas  in  pounds 
per  cubic  foot  at  68°  F.  and  760  mm.  Hg 
pressure  (0.0726  lb./cu.  ft.). 

(iii)  Density  NO,=Density  of  oxides 
of  nitrogen  in  the  exhaust  gas,  assuming 
they  are  in  the  form  of  nitrogen  dioxide, 
in  pounds  per  cubic  foot  at  68°  F.  and 
760  mm.  Hg  pressure  (0.119  lb./cu.  ft.). 

(5)  (i)  HC  cone. = hydrocarbon  con¬ 
centration  of  the  exhaust  sample  in 
l>ounds  per  minute  carbon  equivalent, 
i.e.,  equivalent  propane x 3. 

(ii)  CO  conc.=Carbon  monoxide  con¬ 
centration  of  the  exhaust  sample  in  parts 
per  million  by  volume. 

(iii)  NOx  conc.=Oxides  of  nitrogen 
concentration  of  the  exhaust  sample  in 
parts  per  million  by  volume. 

(6)  TIM = Time  in  mode  as  specified 
in  paragraph  (d)  of  this  section  divided 
by  60  to  yield  time  in  mode  in  hours. 

§  87.110  Compliance  with  ('mission 
standards. 

Compliance  with  each  emission  stand¬ 
ard  shall  be  determined  by  comparing 
the  pollutant  level  to  pounds/rated 
power/cycle  as  calculated  in  accordance 
with  §  87.109,  with  the  applicable  emis¬ 
sion  standard  under  this  part.  The  pol¬ 
lutant  level  for  the  cycle  shall  not  exceed 
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the  standard,  taking  into  account  allow¬ 
able  variations  due  to  sampling  error. 

Appendix  A — Instrumentation  (Aircraft 
Gas  Turbine  Engine  Measurements) 

(a)  NDIR  instruments.  Nondispersive  in¬ 
frared  (NDIR)  analyzers  shall  be  used  for  the 
continuous  monitoring  of  carbon  monoxide 
and  carbon  dioxide. 

The  NDIR  Instruments  operate  on  the  prin¬ 
ciple  of  differential  energy  absorption  from 
parallel  beams  of  infrared  energy.  The  energy 
is  transmitted  to  a  differental  detector 
through  parallel  cells,  one  containing  a  refer¬ 
ence  gas,  and  the  other,  sample  gas.  The 
detector,  charged  with  the  component  to  be 
measured,  transduces  the  optical  signal  to 


an  electrical  signal.  The  electrical  signal  thus 
generated  Is  amplified  and  continuously  re¬ 
corded.  The  NDIR  analyzer  used  In  accord¬ 
ance  with  Subpart  H  of  this  part  shall  meet 
the  following  specifications: 

(1)  Response  time  (electrical) .  90  percent 
full  scale  response  In  0.5  second  or  less.  Zero 
drift — Less  than  ±1  percent  of  full  scale  In 
2  hours  on  most  sensitive  range.  Span  drift — 
Less  than  ±  1  percent  of  full  scale  In  2  hours 
on  most  sensitive  range.  Repeatability — ±1 
percent  of  full  scale.  Noise — Less  than  1  per¬ 
cent  of  full  scale  on  most  sensitive  range. 
Cell  temperature — Minimum  50*  C.  main¬ 
tained  within  ±2*  C. 

(2)  Range  and  accuracy. 


Range  Accuracy  excluding  interferences 

Carbon  monoxide,  0  to  100  p.p.m -  ±2  percent  of  full  scale. 

Carbon  monoxide : 

0  to  500  p.p.m _ _  ±  1  percent  of  full  scale. 

0  to  2,500  p.p.m _  ±1  percent  of  full  scale — Afterburning  engines 

only. 

0  to  20,000 _  ±1  percent  of  full  scale — Afterburning  engines 

only. 

Carbon  dioxide : 

0  to  2  percent _  ±  1  percent  of  full  scale. 

0  to  6  percent.. _ _  ±  1  percent  of  full  scale. 

0  to  15  percent _  ±1  percent  of  full  scale — Afterburning  engines 

only. 


(3)  All  NDIR  Instruments  shall  be 
equipped  with  cells  of  suitable  length  to 
measure  concentrations  within  the  above 
ranges  to  the  Indicated  accuracy.  Range 
changes  shall  be  accomplished  either  by  the 
use  of  stacked  sample  cells  or  changes  In  the 
electronic  circuitry,  or  both. 

(b)  Total  hydrocarbon  analyzer.  (1)  Gen¬ 
eral  design  specifications.  The  measurement 
of  total  hydrocarbon  Is  made  by  an  analyzer 
using  a  flame  Ionization  detector  (FID) .  With 
this  type  detector  an  Ionization  current,  pro¬ 
portional  to  the  mass  rate  of  hydrocarbon 
entering  a  hydrogen  flame,  is  established  be¬ 
tween  two  electrodes;  the  small  current  Is 
measured  by  an  electrometer  amplifier  and 
continuously  recorded. 

The  analyzer  shall  be  fitted  with  a  con- 
Btant-temperature  oven  housing  the  detector 
and  sample-handling  components.  It  shall 
maintain  temperature  within  ±2°  C.  of  the 


set  point,  which  shall  be  within  155*  to 
165*  C. 

The  detector  and  sample  handling  compo¬ 
nents  shall  be  suitable  for  continuous  opera¬ 
tion  at  temperatures  to  200*  C. 

(2)  The  FID  analyzer  used  In  accordance 
with  Subpart  H  of  this  part  shall  meet  the 
following  specifications: 

Response  time  (electrical) — 90  percent  of 
full  scale  In  0.5  second  or  less. 

Noise — ±1  percent  of  full  scale  on  most 
sensitive  range. 

Repeatability — ±1  percent  of  full  scale. 

Zero  drift — Less  than  ±1  percent  of  full 
scale  In  4  hours  on  all  ranges. 

Span  drift — Less  than  ±1  percent  of  full 
scale  In  2  hours. 

Linearity — Response  with  propane  In  air 
shall  be  linear  with  ±2  percent  over  the 
range  of  0  to  2,000  p.p.m.C. 


Accuracy: 

0  to  10  p.p.m.C _ - _ -  ±5  percent 

0  to  100  p.p.m.C _  ±2  percent 

0  to  1,000  p.p.m.C _  Hhl  percent 

0  to  10,000  p.p.m.C _  ±1  percent 


of  full  scale  with  propane  calibration  gas. 

of  full  scale  with  propane  calibration  gas. 

of  full  scale  with  propane  calibration  gas. 

of  full  scale  with  propane  calibration  gas. 


(3)  Total  hydrocarbon  analyzer  shall  have 
an  Initial  alignment  as  follows: 

(1)  Optimization  of  detector  response. 

(o)  Follow  manufacturer’s  Instructions 
for  Instrument  startup  and  basic  operating 
adjustment.  Fuel  shall  be  60  percent  helium, 
40  percent  hydrogen  containing  less  than  2 
p.p.m.C  hydrocarbon.  Air  shall  be  "hydro¬ 
carbon-free”  grade  containing  less  than  2 
p.p.m.C. 

(b)  Set  oven  temperature  at  160° ±5*  C. 
and  allow  at  least  one-half  hour  after  oven 
reaches  temperature  for  the  system  to  equil¬ 
ibrate.  The  temperature  Is  to  be  maintained 
at  set  point  ±2”  C. 

(c)  Introduce  a  mixture  of  propane  In  air 
at  a  propane  concentration  of  about  500 
p.p.m.C.  Vary  the  fuel  flow  to  burner  and  de¬ 
termine  the  peak  response.  A  change  In  zero 
may  result  from  a  change  In  fuel  flow;  there¬ 
fore,  the  Instrument  zero  should  be  checked 
at  each  fuel-flow  rate.  Select  an  operating 
flow  rate  that  will  give  near  maximum  re¬ 
sponse  and  least  variation  In  response  with 
minor  fuel-flow  variations.  A  typical  curve 


for  response  versus  fuel  flow  Is  shown  In  the 
following  figure: 


KSPOHSK  VS.  7UEL  YUM 

(d)  To  determine  the  optimum  air  flow, 
use  fuel  flow  setting  determined  above  and 
vary  air  flow.  A  typical  curve  for  response 
versus  air  flow  Is  shown  In  the  following 
figure: 


JESPOKSS  V3,  AIB  TUM 

After  the  optimum  flow  settings  have  been 
determined  these  flows  are  to  be  measured 
and  recorded  for  future  reference. 

(11)  Oxygen  effect. 

Check  the  response  of  the  detector  with 
varied  concentrations  of  oxygen  In  the  sam¬ 
ple  following  the  steps  outlined  below;  this 
test  shall  be  made  with  oven  temperature 
at  the  set  point  and  with  gas  flow  to  the 
detector  at  optimum  conditions,  as  deter¬ 
mined  In  paragraph  (b)  (3)  (1)  of  this  section. 

(a)  Introduce  nitrogen  (N„)  zero  gas  and 
zero  analyzer;  check  zero  using  hydrocarbon- 
free  air;  the  zero  should  be  the  same. 

(b)  The  following  blends  of  propane  shall 
be  used  to  determine  the  effect  of  oxygen 
(02)  in  the  sample. 

Propane  In  N,. 

Propane  in  90  percent  N,+ 10  percent  02. 

Propane  In  air. 

The  volume  concentration  of  propane  in 
the  mixture  reaching  the  detector  should  be 
about  500  p.p.m.C,  and  the  concentration  of 
both  the  O,  and  hydrocarbon  should  be 
known  within  ±1  percent  of  the  absolute 
value.  The  zero  shall  be  checked  after  each 
mixture  Is  measured.  If  the  zero  has  changed 
then  the  test  shall  be  repeated. 

The  response  to  propane  in  air  shall  not 
differ  by  more  than  3  percent  from  the  re¬ 
sponse  to  propone  In  the  10  percent — Oy90 
percent — N,  mixture,  nor  differ  by  more  than 
5  percent  from  the  response  to  propane  in 
nitrogen. 

The  difference  between  the  response  to 
propane  in  air  and  response  to  propane  In 
diluent  containing  10  percent  O,  shall  not 
exceed  2  percent.  If  the  2  percent  specifica¬ 
tion  cannot  be  met  by  changing  the  sample 
flow  rate  or  burner  parameters,  such  as  air- 
and/or  fuel-flow  rate,  the  detector  shall  be 
modified  or  replaced. 

(ill)  Linearity  and  relative  response. 

( a)  With  analyzer  optimized  In  accordance 
with  paragraph  (b)  (3)  (1)  of  this  section,  the 
Instrument  linearity  shall  be  checked  for  the 
range  0  to  1,000  and  0  to  10,000  p.p.m.C  In 
air  at  nominal  concentrations  of  30,  60,  and 
90  percent  full  scale  of  each  range.  The  devia¬ 
tion  of  a  best -flt  curve  from  a  least-squares 
best-flt  straight  line  should  not  exceed  2  per¬ 
cent  of  the  value  at  any  point.  If  this  speci¬ 
fication  Is  met,  concentration  values  may  be 
calculated  by  use  of  a  single  calibration  fac¬ 
tor.  If  the  deviation  exceeds  2  percent  at  any 
point,  concentration  values  shall  be  read 
from  a  calibration  curve  prepared  during  this 
alignment  procedure. 

(b)  A  comparison  of  response  to  the  differ¬ 
ent  classes  of  compounds  shall  be  made  using 
(Individually)  propylene,  toluene,  and  n- 
hexane,  each  at  20  to  50  p.p.m.C  concentra¬ 
tion  In  nitrogen.  If  the  response  to  any  one 
differs  by  more  than  5  percent  from  the 
average  of  the  three,  check  Instrument  oper¬ 
ating  parameters.  Reducing  sample  flow  rate 
improves  uniformity  of  response. 

(c)  Oxides  of  nitrogen  analytical  system. 
The  chemiluminescence  method  utilizes  the 
principle  that  nitric  oxide  (NO)  reacts  with 
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